Abstract. Metaheuristics are general purpose heuristics which have shown a great potential for the solution of difficult optimization problems. In this work, we apply the meta heuristic, namely particle swarm optimization, PSO, for the solution of the optimization problem arising in NLMPC. This algorithm is easy to code and may be considered as alternatives for the more classical solution procedures. The PSO-NLMPC is applied to control a mobile robot for the tracking trajectory and obstacles avoidance. Experimental results show the strength of this approach.
Non Linear Predictive Control of a LEGO Mobile Robot

INTRODUCTION
Mobile robotics is a very active and thriving area of research because of the wide domain of applicability: search for survivors in earthquakes, exploring volcanoes, surveillance… [1 2 3] . In mobile robotics, the environment is changing rapidly and unknown beforehand therefore the reference trajectory for the next few steps must be computed on line and there are tight constraints to be satisfied. These two features, presence of the constraints on the actuators and on line computation of the reference trajectory are the basic elements of the Model Based Predictive Control (MBPC) [4 5 ] which can thus be an interesting alternative to classical PID. Computational burden associated with optimization algorithms to be solved at each sampling period has limited the application of the MBPC to sufficient slow dynamic systems. Recently, however, with advent of high speed processors, MBPC control methods of mobile robots have appeared in the literature [ 6 7 8 9 10] . On the other hand, a number of fast solutions methodologies for linear MBPC have appeared with improved computational [11 12 ] but fast solution procedures remain a challenge for non linear MBPC problems such as the one arising for mobile robot, although some proposal do exist with improved computation time [13 14 15] . It would be interesting to study the ability of simple algorithms such as metaheuristics for solving the optimization problem arising in the application of non linear MPC for the control of a mobile robot both in terms of computation time and quality of the solution. In this work, we present an application of the Particle Swarm Optimization algorithm , PSO for the solution of the optimization problem arising in the non linear MBPC applied for the mobile robot tracking trajectory with fixe obstacle avoidance. This paper is organized as follows: the second section introduces the problem formulation of wheeled mobile robot tracking trajectory, the third section describe the general formulation of model predictive control, the fourth section present the PSO algorithm and in section V we give the experimental results for a two wheel robot constructed using the building blocks from LEGO mindstorms kit.
KINEMATICAL MODEL OF MOBILE ROBOT
We consider a two-wheel mobile robot, real and a virtual, where the real tracks the virtual one. It is assumed that there is a pure rolling. The contact between the wheels and the ground is supposed to be frictionless. Kinematic model of the real robot is given by:
(1) and are the linear velocities of the right and left wheels, respectively, and b R is the distance between the wheel centers. is the robot orientation.
The problem is to find the control law defined by and that allows the robot to track a given reference trajectory defined by: using nonlinear model based predictive control
FORMULATION OF THE NONLINEAR MODEL PREDICTIVE CONTROL
Consider a non linear system described by the discrete state space model: (4) where x(k) is the state , u(k) the control signal and is a continuous mapping. The control signal is such that : (5) U is a compact convex set with ) and 0. Moreover the state may be constrained to stay into a convex and closed set:
(6) The problem solved by the non linear model predictive control is to regulate the state to the origin by solving the following optimization problem: (7) with (4), (5) and (6) where (8) where N is the optimization horizon. F(x(k+N) ) is a weight on the final state. Moreover, the final state may be constrained to be in a final region:
(9) The weight F and the final region are introduced to guarantee stability of the non linear MPC. The solution gives the control sequence up to N and only u(k) is applied at sampling instant k. The procedure is repeated at each sampling instant.
The straightforward algorithm for solving this problem is the sequential quadratic programming, SQP, [12] which is difficult to code and time consuming. A number of algorithms have been proposed for solving this problem in a reasonable amount of time such that the multiple shooting method [13] and nonlinear sum of squares [ 14 15 ]. In the following, we describe the application of the PSO to the solution of problem (4).
PARTICLE SWARM OPTIMIZATION
The particle swarm optimization (PSO) algorithm is a population-based search algorithm, developed by Kennedy and Eberhart in 1995 [16] , inspired by the social behavior of birds within a flock. The particle swarm concept originated as a simulation of a simplified social system.
In a PSO algorithm each potential solution to the problem is called a particle and the population of solutions is called a swarm. Each particle keeps track of its coordinates in the problem space which are associated with the best solution, pbest, (fitness) it has achieved so far. Another best value that is tracked by the global version of the particle swarm optimizer is the overall best value, and its location, obtained so far by any particle in the population. This location is called gbest. At each step, the PSO concept consists of changing the velocity of each particle toward its pbest and gbest locations. The velocity is weighted by a random term, with separate random numbers being generated for acceleration toward pbest and gbest locations.
Velocity and position of the particle are changed according to the equations (10) and (11), respectively: ) ( ) ( 
EXPERIMENTAL RESULTS:
In this section, we apply the above meta heuristic to the solutions of the non linear MPC for wheeled mobile robot tracking trajectory. All computations are achieved on Intel® Core i3-3.3 GHz with 3.9 Go RAM. In this work, it is supposed that the robot has complete information of its navigation environment at any instant of time. In the following, we consider tow scenarios for the robot navigation (tracking target):
Trajectory tracking with no obstacles Trajectory tracking with fixed obstacles The robot used in these experiments is a two wheel robot has been constructed using the building blocks from LEGO Mindstorms kit. Lego bricks can be assembled and connected in many ways, to construct such objects as vehicles, buildings, and even working robots. The essential parts of our LEGO robot are:
-NXT Brick: Serves as the control center and power station. The results of the first scenario are shown in figure 1 (a, b, c) , where it can be seen that the LEGO robot track the reference trajectory and redraw the same reference trajectory on ground. Real velocities, shown in Figure2 (b, c) , are used to determine the position of the LEGO robot basing on (1), (2), (3). This result shows the high quality of the tracking.
Second scenario: tracking trajectory and fixe obstacles avoidance. The reference trajectory (position of the virtual robot to track) is given by: The results of this scenario are shown in figures 3(a, b, c) . It can be seen that the LEGO robot track the reference trajectory and ovoid all obstacles which proved the efficient of this approach.
CONCLUSION
In this work, we have applied the particle swarm optimization meta heuristic for the solution of the optimization problem arising in the non linear model predictive control of a LEGO mobile robot. This algorithm is easy to understand and to code with few parameters to tune. Two scenarios were studied, simple trajectory tracking, trajectory tracking with fixed obstacles. From the experimental results, it appears that this approach (PSO-NLMPC) may be considered as alternatives for the more classical solution procedures.
